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Abstract
The propagation of terahertz waves in a dust acoustic wave is investigated numerically. By assuming a sinus
profile of the dust number density in the dust acoustic waves, the transmission properties are calculated
using finite difference time domain method. It shows that the dust acoustic wave can function similarly as
a Bragg filter to block the terahertz waves of a certain wavelength. The bandwidth of the filter depends on
the density profile of the dust acoustic wave.
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Dusty plasmas are composed of an ionized gas
and dust particles, which acquire charges while in-
teracting with ions and electrons [1, 2]. They are
widely found in planetary rings, interplanetary and
interstellar clouds, cometary tails, the earth’s meso-
sphere, thunderclouds, as well as in the vicinity of
artificial satellite, spaceships, and space stations,
etc [3, 4, 5, 6]. Dusty plasmas are also present in
the industrial apparatuses and fusion devices [7, 8].
Recently, they are prepared in the laboratory on the
ground [9, 10] and on board the International Space
Station [11, 12], to study the structural and dy-
namical properties of solids and liquids as a model
system [13, 14, 15].
Dust acoustic wave (DAW) is one of the most im-
portant phenomena observed in the dusty plasmas
[16, 17, 18]. It is regarded as a possible mecha-
nism for the fluctuations observed in many space
and astrophysical systems [19, 20]. In the labora-
tory, DAW can be either self-excited, triggered by
ion streaming instability [21], or be excited by ex-
ternal drivers, such as periodic electric fields [22].
Since the dust particles are much larger and heav-
ier than the electrons and ions, the frequency of
DAW can be lowered to a few hertz. This enables a
direct observation of the wave-particle interaction
in the experiments using simple video microscopy
[23, 24, 25].
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Figure 1: Sketch of the simulation domain. The Gaussian
pulse propagates from the left to the right. The ion and
electron density are set as constant in the DAW. The periodic
profile of the number density of the dust particles in the
DAW is assumed to have a sinus shape.
For the dusty plasma prepared in the laboratory,
the size of the dust particles is typically about hun-
dreds of nanometers to microns while the spacing
can range from tens of microns to millimeters [26].
This length scale is comparable to the wavelength
of the terahertz (THz) electromagnetic (EM) waves,
which have wide applications in science and indus-
try [27, 28]. Because of this remarkable feature,
lattice of dust particles in the plasma, known as
plasma crystal [29], can work as a filter for the THz
waves [30]. Furthermore, the propagation of THz
waves in a homogeneous dusty plasma has been in-
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vestigated theoretically [31, 32, 33, 34]. In this let-
ter, we explore the propagation characteristics of
THz waves in a dust acoustic wave using the finite-
difference time-domain method [35].
The dielectric permittivity of a dusty plasma
can be derived based on the Boltzmann equation
[34]. The dust particles immersed in the plasma
are charged by absorbing electrons and ions. The
charging process reaches an equilibrium as the ion
and electron current to the surface of the particle
balance off. Due to the higher thermal velocities
of electrons, the overall charge of the particles are
usually negative [1]. The propagation of THz wave
alters the charging current. Since the mass of ions is
much higher than that of electrons, impact of THz
wave on the ion current is neglected. In a fully ion-
ized dusty plasma, the electron-ion collision is dom-
inant. Considering the charging and collision effect,
the real part of the dielectric permittivity εd in the
fully ionized dusty plasma [31] can be expressed as
εd = ε0 − ε0
ω2p
ω2 + ν2ei
+
pie2r2dnend
me
ω
k
(νei + νch)
(ω2 + ν2ei)(ω
2 + ν2ch)
(
1 +
Ze2
6piε0rdkBTe
)
, (1)
where ω and k are the frequency and wave number
of the THz wave, me is the mass of the electron,
kB is the Boltzmann constant, and ε0 is the vac-
uum permittivity. The rest of the symbols are ex-
plained in Tab. 1. For simplicity, the absorption of
the dusty plasma is not taken into account.
parameter abbrev. value
plasma frequency ωp [Hz] 1.8× 1012
electron-ion
νei [Hz] 8.4× 1011collision frequency
electron density ne [m
−3] 1.0× 1021
ion density ni [m
−3] 1.0× 1021
electron temperature Te [K] 5.8× 104
particle radius rd [nm] 200
charging frequency νch [Hz] 2.0× 109
particle charge Z [e] 1.5× 103
mean particle density nd [m
−3] 2.0× 1016
Table 1: Parameters of the dust acoustic wave.
The propagation of the THz waves in a DAW
can be simulated using the finite difference time
domain (FDTD) method. The typical frequency
of the DAW is about a few hertz, much lower than
that of the EM waves. To study the transient prop-
agation property of the THz waves, one can as-
sume the spatial distribution of the particle den-
sity in the DAW doesn’t change, namely the DAW
doesn’t propagate in the time scale of the period
of EM wave. The simulation domain enclosed by
the boundary layers is depicted in Fig. 1, where the
left and right parts are the glass windows (made of
SiO2) and the middle part is the DAW. The glass
window has a thickness of 2.5 mm. The DAW is
cylindrical with a length of 10 mm and diameter of
3 mm. The number density of the dust particle is
assumed to have a sinus profile with the mean parti-
cle density nd and an amplitude ∆nd. The electron
and ion density are set as constant in the DAW1.
The incoming wave is set as a Gaussian pulse from
the left end. The transmission is calculated on the
right end. The simulation time is set as 300 ps. The
plasma parameters are listed in the Tab. 1.
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Figure 2: Dependence of the effective refractive index on
the wavelength of the THz waves and the number density of
the dust particles.
The dependence of the effective index on the
number density of the dust particles is shown in
1In general, the ions and electrons follow the Boltzmann
distributions in the wave potential. However, as the electron
temperature is high, the relative magnitude is small and thus
is neglected in this study.
2
Fig. 2. The effective refractive index increases
monotonically with the wavelength. Assuming a
constant charge of the dust particles, the refractive
index exhibits a linear relation to the number den-
sity of the dust particles. This results in a sinus
profile of the refractive index in the DAW. There-
fore, the DAW can work similarly as a Bragg filter
that EM waves of certain wavelength are blocked.
We study the propagation characteristics of the
THz waves in the DAWs of three wavelengths p =
160, 165, and 170 µm. The density amplitude ∆nd
in the DAW is 1.4 × 1016 m−3. The dependence
of the transmission on the wavelength is shown in
Fig. 3. For p = 160 µm, the transmission is close
to unity for small wavelength and drops to 10−4 at
λ = 280 µm. The bandwidth is about 100 µm. For
the DAW of bigger wavelengths, the wavelength at
which the transmission is blocked shifts to a smaller
wavelength. For p = 165 and 170 µm, the central
wavelength shifts from 340 µm to 310 and 280 µm,
respectively, with a comparable bandwidth.
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Figure 3: Dependence of the transmission of the THz wave
on the wavelength p of the dust acoustic waves. The density
amplitude of the DAW is ∆nd = 0.7nd.
We further study the dependence of the trans-
mission of the THz wave on the density amplitude
of the DAW. The wavelength of DAW is 160 µm.
As shown in Fig. 4, the minimal transmission in-
creases as the density amplitude decreases. For
∆nd = 0.3nd, the transmission decreases to 10
−2 at
λ = 280 µm and the bandwidth shrinks to 10 µm.
As the ∆nd further drops to 0.1nd, the transmis-
sion approaches unity for all the wavelength. The
filtering effect can no longer be observed.
In conclusion, the transmission properties of THz
waves in dust acoustic waves is investigated using
FDTD method. For simplicity, we assume the si-
nus profile of the number density of the dust par-
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Figure 4: Dependence of the transmission of the THz wave
on the density amplitude ∆nd of dust particles in the dust
acoustic waves. The wavelength of the DAW is p = 160 µm.
ticles. The EM waves of certain wavelength are
filtered depending on the wavelengths and density
profile of the DAW. It turns out that the band-
width depends on the density profile rather than
the wavelengths. The results may shed light on the
underlying mechanism of the signal blackout in the
mesosphere, where the DAW is present.
However, this approach can only be applied to
the cases where the dust particles are small in size.
The scattering of the solid spherical particles in
terms of their material and surface roughness are
neglected. For dust particles of bigger sizes, these
properties may play a significant role in the trans-
mission characteristics of the THz waves in DAW
[36, 37]. We leave this for future work.
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